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=LQFR[LGHKDV ULFKHVW IDPLO\RIQDQRVWUXFWXUHVDQG LWVSURSHUWLHVGHSHQGFORVHO\RQ WKHPLFURVWUXFWXUHVRI WKH
PDWHULDOVLQFOXGLQJFU\VWDOVL]HRULHQWDWLRQPRUSKRORJ\DQGDVSHFWUDWLR7KHDELOLW\WRFRQWUROWKHILOPPRUSKRORJ\
LVFUXFLDOIRUSKRWRYROWDLF39GHYLFHVSDUWLFXODUO\LQEXONKHWHURMXQFWLRQGHYLFHVZKHUHWKHODUJHVXUIDFHDUHDRI
WKHDEVRUEHUJUHDWO\LPSURYHVGHYLFHSHUIRUPDQFH$OWKRXJKRULHQWHGQDQRZLUHVDQGQDQRURGVKDYHDWWUDFWHGZLGH
DWWHQWLRQ WKHGLUHFW IDEULFDWLRQRI ODUJH DUUD\VRI FRPSOH[ QDQRVWUXFWXUHVZLWK FRQWUROOHG FU\VWDOOLQHPRUSKRORJ\
RULHQWDWLRQDQGVXUIDFHDUFKLWHFWXUHVUHPDLQVDVLJQLILFDQWFKDOOHQJH
&KHPLFDOEDWKGHSRVLWLRQ&%'RI]LQFR[LGHLVDFRVWHIIHFWLYHGHSRVLWLRQPHWKRGDQGFDQEHSRWHQWLDOO\XVHG
IRU ODUJHVFDOH GHSRVLWLRQ *RRG FRQWURO RYHU WKH =Q2 ILOP PRUSKRORJ\ ZDV REWDLQHG E\ FRQWUROOLQJ GHSRVLWLRQ
SDUDPHWHUVVXEVWUDWHXVHGRUE\LQWURGXFLQJVXUIDFWDQWVUHVXOWLQJLQYDULHG=Q2PRUSKRORJ\
,Q WKLVSDSHUZH UHSRUW WKHHIIHFWRIPHWDO DQGRUJDQLFDQLRQVRQPRUSKRORJ\RI=Q2QDQRURGVGHSRVLWHGE\
FKHPLFDO EDWK GHSRVLWLRQ 'LIIHUHQW DQLRQV UHVXOW LQ DSSUHFLDEOH GLIIHUHQFHV LQ WKH QDQRURG PRUSKRORJ\ ZKLFK
GHSHQGVRQWKHVSHFLILFDGVRUSWLRQRIWKHDQLRQVRQ=Q2FU\VWDOVXUIDFH
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EOXH VWDU PLFUR VOLGH ,W LV FOHDQHG ZLWK VRDS
VROXWLRQ LQ WDSZDWHU ULQVHGZLWK ', ZDWHU DQG LVRSURSDQRO VHTXHQWLDOO\ DQG WKHQ VRQLFDWHG LQ', ZDWHU IRU 
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
 =Q2GHSRVLWLRQ

6WRFNVROXWLRQRI0RI=QLRQVRXUFH=Q62RU=Q12IRUVXOIDWHRUQLWUDWHLRQVDSSUR[LPDWHO\0RI1+2+
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WUHDWHGJODVVVOLGHLVNHSWYHUWLFDOO\WRXFKLQJWRWKHVLGHZDOORIWKHYLDOFRQWDLQLQJGHSRVLWLRQVROXWLRQ7KHYLDOLV
FORVHGDQGNHSWLQZDWHUEDWKDW&IRUPLQXWHV
)RUDGGLWLRQRIWDUWUDWHLRQVDQGDQWLPRQ\LRQVLQWKHVROXWLRQORI0SRWDVVLXPDQWLPRQ\WDUWUDWH
LVDGGHG WR WKHGHSRVLWLRQVROXWLRQDIWHU=QVDOW =Q62LQ WKLVFDVH)RUDGGLWLRQRIFLWUDWH LRQVPOPORI
0WULVRGLXPFLWUDWHLVDGGHGWRWKHGHSRVLWLRQVROXWLRQDIWHUDGGLWLRQRI=QVDOWDOOWKHRWKHUGHSRVLWLRQFRQGLWLRQV
DUHNHSWVDPH

 &KDUDFWHUL]DWLRQ

7KH;UD\GLIIUDFWLRQSDWWHUQRIWKHILOPDUHUHFRUGHGE\;SHUW3URGLIIUDFWRPHWHUXVLQJ&X.ĮȜ UDGLDWLRQ
LQVWDQGDUGPRGHșș7KHPRUSKRORJ\RI WKHILOPLVVWXGLHGE\6(0-60)DQG=(,668OWUD('6
-60)DQG=(,668OWUD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5HVXOWVDQG'LVFXVVLRQ
7KHFKHPLVWU\RI=Q2ILOPGHSRVLWLRQFDQEHGHVFULEHGDVIROORZV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,QDQDPPRQLDWHGDTXHRXVVROXWLRQRI=QLRQVD=Q1+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PHWDO K\GUR[LGHV DW HOHYDWHG WHPSHUDWXUH +RZHYHU XQGHU VXLWDEOH S+ WKH =Q1+ FRPSOH[ JHWV VORZO\
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 ZKLFK LV UHODWLYHO\ XQVWDEOH VSHFLHV DQG JHW GHK\GUR[\ODWHG WR IRUP =Q2 7KH
UHDFWLRQPHFKDQLVPRI=Q2IRUPDWLRQFDQEHZULWWHQDVEHORZ
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VKRZQLQ)LJD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;5'RIDVGHSRVLWHG=Q2E6(0RI=Q2QDQRURGGHSRVLWHGRQJODVV

7KHREWDLQHGPRUSKRORJ\LVW\SLFDOO\NQRZQDVR[\JHQWHUPLQDWHG=Q2QDQRURG7KHDYHUDJHQDQRURGGLDPHWHU
RIWKHVH=Q2QDQRURGVLVQPDQGURGOHQJWKPZLWKW\SLFDOIODWKH[DJRQDOVKDSHGWLSIHDWXUH$VLWLV
NQRZQWKDW]LQFR[LGHLVDSRODUFU\VWDOZLWKZXUW]LWHVWUXFWXUHZKHUH=QLVWHWUDJRQDOO\ERQGHGWRIRXU2DWRPVDQG
YLFH YHUVD IRUPLQJ DQ DOWHUQDWH DUUDQJHPHQW RI =Q LRQV DQG2 LRQV DORQJ WKH >@ GLUHFWLRQ 7KXV WKH =Q2
FU\VWDO FDQ KDYH =Q RU 2 SRODU VXUIDFH ZLWK =Q RU 2 WHUPLQDWLRQ 7KH SRODULW\ LV D EXON SURSHUW\ RI D FU\VWDO
GHSHQGLQJ RQ WKH ERQGLQJ VHTXHQFH ZLWKLQ WKH FU\VWDO ZKLOH WKH DWRP WKDW WHUPLQDWHV DW WKH VXUIDFH GHWHUPLQHV
VXUIDFH WHUPLQDWLRQ ,I=Q2FU\VWDO LVJURZQZLWK2 LRQVERXQGDW WKH VXEVWUDWH WKHSRODULW\RI=Q2 WRZDUGV WKH
VXEVWUDWHLV2SRODUDQGSRODULW\DWWKHVXUIDFHLV=QSRODU:KHQD=QSRODUVXUIDFHWHUPLQDWHVZLWK=QLRQVLWLV
FDOOHG=QHQGHG=QSRODUVXUIDFHVLPLODUO\ZHFDQKDYH2HQGHG=QSRODUVXUIDFH=QHQGHG2SRODUVXUIDFHVDQG
2HQGHG=QSRODUVXUIDFHV)LJDG7KHVHSRODUVXUIDFHVKDYHGLIIHUHQWGLVWLQJXLVKDEOHSURSHUWLHV
774   Neelam Rathore and Shaibal K. Sarkar /  Energy Procedia  54 ( 2014 )  771 – 776 
$ UHPDUNDEOH FKDQJH LQ WKH PRUSKRORJ\ LV IRXQG
ZKHQ]LQFQLWUDWHLVXVHGDVDVRXUFHIRU=QLRQLQVWHDG
RI]LQFVXOIDWH7KHDYHUDJHQDQRURGGLDPHWHULVUHGXFHG
WRQPZKLOHDSSUR[LPDWHO\ WZR WLPHV LQFUHDVH
LQOHQJWKRIQDQRURGZDVREVHUYHG7KHDYHUDJHQDQRURG
OHQJWK LV IRXQG WR EH  P )LJ E 0RVW
GLVWLQJXLVKDEO\ WKH WLSV RI =Q2 QDQRURG EHFRPHV WKLQ
SHQFLOOLNHZLWKKH[DJRQDOODGGHUOLNHVWUXFWXUH)LJE
F 7KHUHIRUH RQ EDVLV RI SRODULW\ GHWHUPLQDWLRQ LW
FDQEHFRQFOXGHGWKDWWKH=Q2GHSRVLWHGZLWK=Q62DUH
2SRODU ZLWK 2HQG VXUIDFHV DQG ZLWK =Q12 DUH =Q
SRODU ZLWK =QHQG VXUIDFH ZKLFK LV WKH UHDVRQ IRU WKH
GLVWLQJXLVKHGPRUSKRORJLFDO GLIIHUHQFHV LQ WKH QDQRURG
2Q DGGLQJ ERWK QLWUDWH DQG VXOIDWH VDOWV RI =Q LQ WKH
GHSRVLWLRQ EDWK WKH WLS VKDSH FKDQJHG WR KH[DJRQDO
ODGGHUOLNHZLWKIODWHQGVLQVWHDGRISHQFLOOLNHHQGV
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)LJD6FKHPDWLFVRIHYROXWLRQRI=Q2PRUSKRORJ\IRU=QWHUPLQDWHGDQG2WHUPLQDWHG=Q2ZLWKWLPHEKLJKPDJQLILFDWLRQLPDJHRI
=Q2WLSVZLWK=Q12F=Q62DVSUHFXUVRU

$VVFKHPDWLFDOO\GHSLFWHGLQWKH)LJXUHWKH2SRODU=Q2KDYHRQHGDQJOLQJERQGDYDLODEOHRQHDFK2DWRPZKLOH
=QSRODU =Q2 KDYH WKUHH GDQJOLQJ ERQG DYDLODEOH RQ HDFK2 DWRP UHVXOWLQJ LQ KLJKHU JURZWK UDWH IRU =Q SRODU
VXUIDFHVLQD=QOLPLWHGJURZWKFRQGLWLRQ7KHGLIIHUHQFHLQWKHPRUSKRORJ\RIWKHQDQRURGWLSVXUIDFHVLVGXHWRWKH
=QHQGHGDQG2HQGHGVXUIDFHV&RQVLGHUD=Q2QDQRURGKDYLQJ=QLRQVDVHQGOD\HULPPHUVHGLQDGHSRVLWLRQ
VROXWLRQ'XH WR WKHVXUIDFHFKDUJHDQ LRQGRXEOH OD\HU LV IRUPHGDW WKHYLFLQLW\RI WKHQDQRURGHQGVXUIDFH7KH
UDWLRRI=Q2+DWWKHLRQGRXEOHOD\HULVOHVVWKDQWKHEXONGHSRVLWLRQVROXWLRQZKLFKFDXVHVWKHHTXLOLEULXPLQ(T
WRPRYHLQOHIWGLUHFWLRQDEVWDLQLQJ=Q2+IRUPDWLRQ7KLVUHVXOWVLQVORZUDWHRIUHDFWLRQDQGWDSHUHGQDQRURG
)LJD=QSRODU=Q2ZLWK=QHQGHGVXUIDFHE=QSRODU=Q2
ZLWK2HQGHGVXUIDFHF2SRODUZLWK=QHQGHG=Q2VXUIDFHDQG
G2SRODUZLWK2HQGHGVXUIDFH
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WLSV $QRWKHU UHDVRQ IRU WDSHUHG HQGV PLJKW EH WKH GLVVROXWLRQ RI QDQRURG WLSV :LWK SDVVDJH RI WLPH WKHUH LV
GHFUHDVH LQ WKHFRQFHQWUDWLRQRI=Q LRQV LQ WKHGHSRVLWLRQVROXWLRQ$QGZLWKIXUWKHUGHFUHDVH LQ ORFDO=Q2+
UDWLRWKHHTXLOLEULXPLQ(TPRYHVWROHIWUHVXOWLQJLQGLVVROXWLRQRIWKH=Q2QDQRURG2QVLPLODUQRWHIRU2
HQGHG=Q2VXUIDFHVWKHGRXEOHOD\HUIRUPHGZRXOGKDYHKLJKHU=Q2+UDWLRWKXVFDXVLQJDKLJKHUJURZWKUDWH
DQGDIODWHQGHG=Q2QDQRURG

7KH DSSUHFLDEOH FKDQJH LQ WKHPRUSKRORJ\RI=Q2QDQRURGE\ VXOIDWH DQG QLWUDWH DQLRQVPRWLYDWHG WR IXUWKHU
H[SORUH WKH HIIHFW RI RWKHU LRQV 2UJDQLF LRQV DUH NQRZQ WR DOWHU WKH FU\VWDO JURZWK E\ SURPRWLQJ RU LQKLELWLQJ
SDUWLFXODU FU\VWDO VXUIDFH JURZWK &XVWRPPDGH PROHFXOHV DUH GHVLJQHG ZKLFK FDQ FRQWURO WKH QXFOHDWLRQ DQG
JURZWKRIFU\VWDOVLQVROXWLRQEDVHGFU\VWDOOL]DWLRQSURFHVVHVE\HLWKHUEHKDYLQJDVLQKLELWRUVRUSURPRWHUVLQFU\VWDO
JURZWK7KHVHPROHFXOHVELQGDW WKHJURZLQJFU\VWDO IDFHVIROORZHGE\LQKLELWLRQRIJURZWKSHUSHQGLFXODUWRWKLV
IDFHV6DOWVRIRUJDQLFLRQFLWUDWHDQGWDUWUDWHLRQVDUHDGGHGWRWKHGHSRVLWLRQEDWKIRUWKHLQWURGXFWLRQRIFLWUDWHDQG
WDUWUDWH LRQV&LWUDWHDQG WDUWUDWH LRQVDSSDUHQWO\ VHOHFWLYHO\DGVRUERQ=Q2EDVDOSODQHVDV WKH VWUXFWXUHGLUHFWLQJ
DJHQWDQGWKXVFRQWUROWKHFU\VWDOJURZWK=LQFVXOIDWHZDVXVHGDVWKH]LQFLRQVRXUFHDQGDOOWKHRWKHUGHSRVLWLRQ
FRQGLWLRQVZHUHNHSWVDPH
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2QDGGLWLRQRIWULVRGLXPFLWUDWHVOLJKWLQFUHDVHLQWKHGLDPHWHURI=Q2QDQRURGZDVIRXQG7KHFRQFHQWUDWLRQRI
WULVRGLXPFLWUDWHLQGHSRVLWLRQEDWKZDVYDULHGIURP0WR0,WZDVGLVWLQFWO\YLVLEOHWKDWZLWKLQFUHDVHLQ
WKHFRQFHQWUDWLRQRIFLWUDWH LRQV WKHGLDPHWHURI=Q2QDQRURG LQFUHDVHG+RZHYHUZLWK WKH LQFUHDVH LQ WKHFLWUDWH
FRQFHQWUDWLRQWKHJURZWKUDWHFKDQJHVGXHWRWKHDGGLWLRQDOFRPSOH[IRUPDWLRQEHWZHHQWKHIUHH=QLQWKHVROXWLRQ
DQGWKHFLWUDWHLRQV,WFDQEHLQIHUUHGWKDWWKHUHDVRQIRUGLDPHWULFDOJURZWKLVFLWUDWHLRQVRQO\ZKLOHQRHIIHFWZDV
IRXQGIURPWKHFDWLRQV
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)LJ7RSDQGFURVVVHFWLRQDOLQLQVHW6(0LPDJHVRI=Q2QDQRURGVDZLWKQRWULVRGLXPFLWUDWHE0WULVRGLXPFLWUDWHF0
WULVRGLXPFLWUDWH
)LJ7RSDQGFURVVVHFWLRQDOLQLQVHW6(0LPDJHVRI=Q2QDQRURGVDZLWKQRSRWDVVLXPDQWLPRQ\WDUWUDWHEZLWK0SRWDVVLXP
DQWLPRQ\WDUWUDWHF0SRWDVVLXPDQWLPRQ\WDUWUDWH
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7RJHQHUDOL]HWKHHIIHFWRIFLWUDWHLRQVRQ=Q2GHSRVLWLRQVLPLODUH[SHULPHQWVZHUHFDUULHGZLWKWKHDGGLWLRQRI
SRWDVVLXP DQWLPRQ\ WDUWUDWH LQ WKH GHSRVLWLRQ EDWK $Q DSSUHFLDEOH FKDQJH LQ WKH QXFOHDWLRQ GHQVLW\ RI =Q2
QDQRURGVLVVHHQ:LWK0SRWDVVLXPDQWLPRQ\WDUWUDWHDWKLFNQRQXQLIRUPGHSRVLWLRQLVREVHUYHG0JLYHV
WKLQ XQLIRUP GHSRVLWLRQ DQG RQ KLJKHU FRQFHQWUDWLRQ RI SRWDVVLXP DQWLPRQ\ WDUWUDWH D QRQ XQLIRUP SDWFK\
GHSRVLWLRQLVVHHQ:LWK0SRWDVVLXPDQWLPRQ\WDUWUDWHQXFOHDWLRQGHQVLW\RIQDQRURGVGHFUHDVHV,WLVNQRZQ
WKDWWKH=QLRQVPDNHFRPSOH[HVZLWKWDUWUDWHWKDWHIIHFWLYHO\UHGXFHGWKH=QLRQDYDLODELOLW\LQWKHVROXWLRQ7KLV
PLJKW EH WKH UHDVRQ IRU GHFUHDVH LQ WKH QXFOHDWLRQGHQVLW\RI=Q2QDQRURG DQG WKXVGLDPHWULFDO JURZWKRI=Q2
QDQRURG2QIXUWKHULQFUHDVLQJWKHSRWDVVLXPDQWLPRQ\WDUWUDWHFRQFHQWUDWLRQWKHUROHRI6ELRQVLVVHHQ6ELRQV
OLNHRWKHUKHDY\PHWDOLRQVDFWVDVQXFOHDWLQJDJHQWFDXVLQJGHQVHQRQSRURXVQDQRURGILOPGHSRVLWLRQ
&RQFOXVLRQ
=LQFR[LGHWKLQILOPLVGHSRVLWHGE\DPPRQLDFDOHWKDQRODPLQHEDWKRQJODVVVXEVWUDWH$SSUHFLDEOHGLIIHUHQFHVLQ
WKH PRUSKRORJ\ RI =Q2 QDQRURG ILOPV DUH FOHDUO\ VHHQ ZLWK DGGLWLRQ RI GLIIHUHQW DQLRQV:LWK VXOIDWH LRQV WKH
DYHUDJHQDQRURGGLDPHWHU LVQPDQG WKH OHQJWK LVPZLWKD W\SLFDO IODWKH[DJRQDOVKDSHGIHDWXUH
7KHDYHUDJHQDQRURGGLDPHWHU LV UHGXFHG WRQPZKLOH WKHDYHUDJHQDQRURG OHQJWK LQFUHDVHG WRP
ZKHQWKHQLWUDWHLRQVUHSODFHGWKHVXOIDWHLRQV)LOPVZHUHIRXQG2SRODUZKHQGHSRVLWHGIURPVXOIDWHEDWKZKLOHLW
ZDV =Q SRODU ZKHQ GHSRVLWHG IURP QLWUDWH EDWK $ FRQVLGHUDEOH GLDPHWULFDO JURZWK ZDV IRXQG ZLWK DGGLWLRQ RI
FLWUDWHVDOW
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